Operations for gall-stones are amongst the commonest done today. Twenty per cent of women from the beginning of childbearing and 20 % of men over the age of 70 are affected. Stones are present in the bile ducts of 20-30 % of patients with stones in the gall-bladder, thus making a general incidence of stones in the bile ducts of 4-7 % in the respective age and sex groups.
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The types of stone vary in number, size and constituents and are usually the same as those in the gall-bladder but many unusual types may be discovered. Pigment ductal stones have been reported as being specially common in the agricultural classes in Japan and Korea and with western affluence the mixed pigment/cholesterol stone grows commoner. Also to be found are putty-like pigment stones, pigment-gravel and sludge, tiny cholesterol mulberry microliths and stones containing foreign bodies such as a rolled-up plum skin or tomato skin, a pin, an ascaris worm or ovum -quite by chance they work their way back from the duodenum into the common duct. Stones and concretions may lie symptomless in the ducts or they may pass into the duodenum usually, but not always, accompanied by severe colic. The most dangerous type of stone is the small pea-like stone which becomes impacted in the duodenal papilla and triggers off acute suppurative cholangitis. In other cases the danger is due to sticky biliary sludge.
Stones in the ducts are suspected in patients suffering from biliary colic, jaundice, persistent or fluctuating cholangitis (especially suppurative cholangitis) and pancreatitis. These are the classical indications for exploration of the ducts and added to them are the findings at laparotomy for stones in the gall-bladdersuch as palpable ductal stones, a dilated common duct, turbid bile in the cystic duct, small stones in the gallbladder and cystic duct, a thickened pancreas and the detection of stones by operative cholangiography.
The cardinal principle of treatment is the removal of stones and the insurance of an unimpeded flow of bile from the liver to the duodenum. A second and more general principle is that judgment of the extent of the operation should be related to the general condition of the patient, the local anatomical and pathological hazards in and around the biliary apparatus, the experience of the surgeon, the assistance he can be given and the environment in which he works at any given time of day or night (operating theatre, ward and laboratory facilities). For example, Grey Turner (1943) used to teach that in difficult cases the relief of an obstructed common duct, even by drainage alone, need not necessarily be accompanied by removal of the stonecontaining gall-bladder. The gall-bladder can be removed at a later date when it helps to guide the surgeon back to the position of the common duct. The third principle, which is especially applicable to surgeons training junior hospital staff, is to guard against the exclusive development of procedures whose success depends upon missionary zeal, which are difficult to hand on for everyday and safe practice; routine transduodenal choledochotomy might be considered such a procedure (see below).
Many of the difficulties encountered in exposing the common bile duct and mobilizing the second part of the duodenum for palpation and transduodenal choledochotomy are due to an inadequate incision. In most cases a right paramedian incision is sufficient but sometimes exposure is vastly improved by turning the lower end of the incision laterally, thus forming a large hypochondrial flap of abdominal wallsometimes called a Kehr but which I call a 'barn-door' incision (Rains 1964) . It heals well. There should be no difficulties in exposing the ducts in most cases but, where extensive inflammation exists or a previous operation with drainage has been done, certain steps are helpful: (1) The hepatic flexure and the transverse colon are identified and mobilized in a caudal direction. (2) The stomach is traced to the duodenum which is also mobilized caudally. Either the gall-bladder, a fistula or an existing drainage tube if present, will lead to the common bile duct. A sound may be introduced through the track into the duct and can be a great aid to safe anatomical dissection. Aspiration of bile and not blood from the suspected ductal structure is another well-used aid.
After choledochotomy and the removal of obvious stones the problem of extraction of residual stones lurking in the hepatic ducts or the duodenal ampulla and the removal of sticky sludge is often very taxing. Intermittent flushing under pressure with saline using a syringe and polythene catheter often suffices. Other methods include the introduction into the duct of an open-ended catheter and its withdrawal under suction and the passage and inflation and withdrawal of a Fogarty catheter as used for embolectomy (Knight 1967) . The distal patency of the duct and duodenal papilla is tested classically by the passage of a sound or a Bakes dilator and all is supposed to be well if, on palpation of the duodenum, the ridging of the papilla on the sound can be felt. However, most surgeons who have had reason to open the duodenum subsequently (because of doubts) know how frequently false passages are made beside the papilla. The passage of a fibre-optic choledochoscope is yet another way of solving the problem of patency but it is expensive and difficult to obtain.
The injection of about 5-20 ml 30% Hypaque (diatrizoate) into the duct via the T-tube prior to the completion of the operation is used to confirm that all the stones have been removed and that bile will flow into the duodenum. Interpretation of the X-ray films may be more difficult than with diagnostic on-table cholangiography. In the first place air bubbles are more easily introduced and they can be confused with the appearance of stones; secondly, it may be difficult to obtain evidence of the flow of bile into the duodenum. It is often said that, if there is no definite defect due to stone and no tapering of the duct due to pancreatic disease, this hold up is due to spasm of the sphincter of Oddi. I find that I cannot accept this and therefore proceed to open the duodenum to find the reason for the hold up. Usually one finds either a small mucosal papillary stenosis, a curious granulomatous papilla, a small piece of a stone or some sticky sludgeeach situation requiring sphincterotomy.
Lump in the lower end of the common bile duct: In cases of jaundice or a dilated common duct where mobilization of the duodenum reveals a hard lump in the region of the papilla I tend towards a policy of immediate duodenotomy, inspection of and incision into the lump. An impacted stone, a stone lying within a kind of diverticulum or a papillary or biliary neoplasm is revealed and the question of the correct procedure settled (remove the stone and complete the sphincterotomy, partial pancreatico-duodenectomy or a by-pass). The insertion of a needle into the lump to test for a stone or a tumour is not as helpful in diagnosis as used to be supposed. However, if the patient is elderly or otherwise unfit for a major operation, external choledochoduodenostomy is a well-tried and effective procedure. The stoma must be wide enough (2-5 cm: Johnson & Stevens 1969) . A small stoma does not necessarily prevent food particles and air from entering the duct system and it tends to encourage attacks of cholangitis (as well as giving a useful procedure a bad name). The greatest disadvantage of the operation is that a definite diagnosis of the lump is not obtained and the matter has to rest there. It is unwise to start taking biopsies of the pancreas in such elderly or unfit patients, as the morbidity and mortality are greatly increased. Negative biopsies for neoplasm (as always) do not dismiss the suspicion of malignancy.
Dispensing with a T-tube: More contentious than the operation of external choledochoduodenostomy are two procedures which dispense with T-tube drainage of the bile ducts after removal of stones. (1) Routine internal choledochoduodenostomy, favoured by Dickson Wright (1960) , means that the usual choledochotomy is not done and that duodenostomy, sphincterotomy and removal of stones through the lower end of the duct satisfies the cardinal principle of biliary surgery; the method is being satisfactorily practised in some centres but in average hands the technical difficulties involved in finding the duodenal papilla, with the possibility of subsequent stenosis of the lower end of the duct, do not satisfy the third principle of biliary surgery (above). (2) Orthodox choledochotomy but dispensing with the T-tube and relying upon suture of the duct and drainage down to the suture line has, during the last fifteen years, gained many adherents and, provided the drain to the suture line is put in, satisfactory postoperative progress is claimed. However, the 2 3 Section ofSurgery 131 majority of surgeons still pursue the well-tried and conventional method of T-tube drainage.
The remaining common duct stone: With T-tube drainage a cholangiogram can be done ten days after operation and may reveal a remaining common bile duct stone (even in spite of cholangiography during operation). In elderly and unfit patients a stone free in the duct may never give further trouble and stones of up to 7 mm have been known to pass spontaneously; in such patients a waiting policy can be adopted.
In younger fit patients it is better to explain matters to the patient and advise reoperation provided the environment and experience of the surgeon is right (see second principle above).
Dissolving stones: While stones may pass spontaneously it is doubtful if they can be dissolved by the introduction into the ducts of stonedissolving substances via a T-tube. To dissolve cholesterol in the stones, Pribram (1935) the carcinoma and this is later held to confirm the belief that the cause of the jaundice is nonmalignant. If pre-operative percutaneous transhepatic cholangiography is used and operative cholangiography via the small common bile duct is added, then the visualization of very large dilated bile ducts in the liver together with contracted empty bile ducts below the liver should allow a correct diagnosis to be made (Fig 1) .
Treatment: Resection of a carcinoma of the common hepatic duct is occasionally possible (Fig 2) , followed by anastomosis of the divided right and left hepatic ducts to a Roux loop of jejunum. Most tumours, however, are inoperable
